Dairy products contain lipids rich in polyunsaturated fatty acids and their esters are easily oxidized by molecular oxygen over time. Deleterious changes in dairy products caused by lipid oxidation include not only loss of flavour or development of off-flavours, but also loss of colour, nutrient value, and the accumulation of compounds, which may be detrimental to the health of consumers. One of the most effective ways of retarding lipid oxidation in dairy products is to incorporate antioxidants. Sometimes synthetic phenolic antioxidant, butylated hydroxyanisole (BHA) and butylated hydroxytoluene (BHT) are used to delay this oxidation. Supplementation dairy products with natural antioxidants (polyphenolic compounds) are better using than synthetic antioxidant and could be potentially. The use of rosemary as natural antioxidant in dairy products can reduce the rate of lipid oxidation and hydrolysis besides may be beneficial in increasing the shelf life of these products. This supplementation will move these products into the functional food area under new category as healthy dairy products. This literature review covers the research that has focused on rosemary as antioxidant and anti-inflammatory agent that can inhibit the lipid oxidation and have health benefits by preventing carcinogens from binding to DNA, fight and stop pain. In this review, we survey the previous studies that were conducted on the application of rosemary extract as an antioxidant to extend the shelf life and to minimize nutritional losses of dairy product.
Introduction
One of the most common problems occurring in dairy products rich in polyunsaturated fatty acids is lipid oxidation. On the other hand, the hydrolysis of ester bonds in lipids has been shown by many studies to increase lipid oxidation since short chain fatty acids are released in raw milk by hydrolysis and can be responsible for an undesirable rancid flavor [1] . This oxidation may occur during manufacturing, storage, distribution or at final preparation of dairy products. Light, oxygen and transition metals ions are very important factors leading to oxidative changes. Hunziker [2] reported that in metal tanks, the surface of metal ions such as copper and iron may breakdown the unsaturated lipids into oxidation products during storage or transportation of milk resulting in undesirable flavors. Research by Rice [3] and Tanner [4] showed that copper contamination, resulting from contact of the milk with copper in vacuum pans or bottle caps, may cause tallowness in sweetened condensed milk. Off flavors in stored butters, identified as tallowy, oily, and fishy flavors, are considered to be caused by oxidation [5] [6] . Tallowy or oxidized flavor in ice cream has also been greatly researched and has been found to be the result of oxidation of either the phospholipid fraction or the butterfat or both [5] [7] .
Objectionable odors and flavors developed in oxidized products are carried out when subcomponents of the products recombine to form compounds such as hydrocarbons, aldehydes, and ketones, which are not found in the fresh product [8] . Many studies showed the formation of aldehyde and ketone compounds during the production and storage milk powder formed during the manufacture and concentration the milk and during the storage [9] . The development of off flavors in dairy products has been a topic of much research from food science perspective over the years. Unsaturated aldehydes can go through oxidation resulting in short chain hydrocarbons forming malonaldehyde.
Low temperature storage favors a slow rate of oxidative change but temperature is only important as a regulator of the rate of oxidative change; as the temperature increases the rate of oxidative change increases too [10] [11] . Oxidation also takes place in the absence of light but at a slower rate. Oxidative deterioration resulted in the formation of peroxides that limited shelf life of dairy products and could be responsible for an undesirable rancid flavor [1] [12] [13] .
To increase the shelf life of the food products synthetic antioxidants commonly used in the food industry include butylated hydroxyanisole (BHA) and butylated hydroxytoluene (BHT) to reduce the rate of lipid oxidation and hydrolysis and stabilized free radicals but these antioxidants are not allowed adding to milk (International Dairy Foods Association (IDFA)). Today foods are intended not only to satisfy hunger and to provide necessary nutrients for humans but also to prevent nutrition-related diseases and improve physical and mental well-being of the consumers [14] [15] .
The aim of this study is searching to increase the shelf life of dairy products by using natural antioxidants that can delay or inhibit the lipid oxidation or hydrolysis and minimize nutritional losses. Antioxidants, which mainly come derived from plants in the form of phenolic compounds, have increasingly been advocated as "safe and natural" antioxidants exhibit high inhibition activity of the lipid oxidation that is most important to increase the shelf life of dairy products.
The growing interest in the study of natural antioxidant compounds has been accompanied by an increase in the market presence of functional foods or nutraceuticals or health foods. Fortification of dairy products with bioactive components (natural antioxidants compounds) enhances their antioxidant activity and anti-inflammatory properties, which prevent the damaging effects of free radicals [16] and provide various health benefits.
The Addition of Natural Antioxidant to Dairy Products Increases Its Shelf Life

Oxidative Deterioration in Dairy Products
Lipid oxidation is propagated by the removal of hydrogen atoms and the subsequent addition of oxygen at alpha positions to a fatty acid double bond, producing free radical species R and peroxy radicals (ROO • ) as shown in Figure 1 .
The peroxy radicals then react with hydrogen from alpha-methylenic groups of other molecules, producing hydroperoxides (ROOH) and new free radicals (R • ). The hydroperoxides produced, the primary product of lipid oxidation, are unstable compounds and they react in a number of reactions involving substrate degradation and interaction which results in many different compounds of varying flavor thresholds and molecular weights [1] . Hydroperoxides easily decompose involving monomolecular or bimolecular reactions [17] . Hydroperoxides is reasonable to determine their concentration as a measure of oxidation. The "peroxide value" test reflects the total concentration of peroxides and hydroperoxides present at a certain time. Hydroperoxides (LOOH) can decompose into alkoxyl (LO • ) and peroxyl (LOO •   ) highly reactive radicals that may act as initiators of autoxidation. Autoxidation is the oxidative deterioration of unsaturated fatty acids via an auto-catalytic process consisting of a free radical chain mechanism. The mechanism of autoxidation of lipids is a free radical chain reaction which involves the three stages of initiation, propagation and termination. Initiation is the formation of free radicals; propagation is the free radical chain reactions and termination is the formation of nonradical products.
Oxidative deterioration is also a significant contributing factor to the limited shelf life of lipid containing foods and is of great economic concern to the food industry. The oxidation of unsaturated fatty acids resulted in the formation of peroxides, which are susceptible to further decomposition to secondary lipid oxidation byproducts, such as short-chain aldehydes and ketones. Lipid aldehydes are highly reactive and among the most important compounds to contribute to food deterioration, modification of food structure, as well as protein damage via cross linking [18] .
Malondialdehyde, a secondary product of lipid oxidation, has received much attention. Since it is a bifunc-tional aldehyde, it is a very reactive compound in cross-linking reactions with DNA and proteins [19] [20] . Malonaldehyde formation, a result of the oxidation of unsaturated aldehydes, is the basis for the thiobarbituric acid (TBA) method that is commonly used for measuring fat oxidation [1] . The presence of these molecules, reacting with oxygenated compounds in foods, will adversely affect flavor, taste, nutritional value and overall quality [21] . Tallowy or oxidized flavor in ice cream has also been greatly researched and has been found to be the result of oxidation of either the phospholipid fraction or the butterfat or both [5] [7] . Krukovsky [10] showed that the oxidized flavors in fresh milk, such as chalky and chalky-to-soapy-tallowy, are associated with the deterioration of milk plasma and that metallic and metallic-to-fishy flavors are associated with the deterioration of the fat-globule membrane and oxidation-sensitive fat, respectively. Lipid oxidation has been long recognized as a major problem in the storage of dairy products containing fat with unsaturated fatty acids. Oxidative changes can result in repugnant flavors, in destruction of valuable nutrients and even in generation of toxic or carcinogenic compounds [22] [23] . Even minute amounts present after processing can translate to greatly accelerate reactions during storage, with parallel changes in flavor, odor, texture, color, and loss of nutritional value [22] [24] .
Light and oxygen are very important factors leading to oxidative changes. Another mechanism of oxidation occurs in the presence of sensitizer and UV-light that is photosensitized oxidation. Photo-oxidation pathway is an alternative route leading to the formation of hydroperoxides instead of the free radical mechanism. Excitation of unsaturated fatty acid or oxygen may occur in the presence of light and a sensitizer. There are two types of photo-oxidation [25] . I-an electron or a hydrogen atom transfers between an excited triplet sensitizer and a substrate (PUFA), producing free radicals or radical ions; and II-triplet oxygen ( 3 O 2 ) can be excited by light to singlet oxygen ( 1 O 2 ), which reacts with the double bond of unsaturated fatty acids, producing an allylic hydroperoxide [26] . Photosensitized oxidation is a direct reaction of light-activated, singlet oxygen with unsaturated fatty acids, and subsequently hydroperoxides are formed. Photosensitized oxidation happens because of the presence of molecules that can absorb visible or near UV light to become electronically excited (sensitizers).
Transition metal ions (Fe 2+ and Fe The reaction stoichiometry: In Scheme 1, the moles of Fe 2+ oxidized by each mole of hydroperoxide. The reaction mechanism indicates that one lipid hydroperoxide should generate two ferric iron complexes.
In the study by Ueno [27] , ultra-high temperature milk was stored under florescent light for 16 hours at 10˚C and compared to milk stored in the dark for the same time/temperature combination. The results of the study showed that the flavor dilution (FD) chromatograms of nine odorants increased with light exposure, indicating that the off-flavor formation in the light-exposed milk can be attributed to the increase in these nine odorants. The flavor differences between the light-exposed and non-exposed milk were monitored by aroma extract dilution analysis by using aroma extracts prepared from the milk. A panel composed of by 14 trained assessors evaluated the milk samples and rated the intensities of the five odor attributes ("freshness", "fatty", "metallic", "dusty", and "overall off-odor") using a linear scale ranging from 1 (= absent) to 7 (= very strong).
Addition of Antioxidant (Phytochemicals-Phenolic Antioxidant) to Milk and Dairy Products Reduce Oxidative Deterioration
Antioxidants are classified as exogenous (natural or synthetic) or endogenous compounds, both responsible for removal of free radicals, scavenging reactive oxygen species (ROS) or their precursors, inhibiting formation of ROS and binding metal ions needed for catalysis of ROS generation [28] . Natural antioxidant system is sorted in two major groups, enzymatic and non-enzymatic. Enzymatic antioxidants such as catalase, glutathione peroxidase as well as superoxide dismutase (SOD), whereas non-enzymatic antioxidants include direct acting antioxidants against oxidative stress (OS) such as ascorbic and lipoic acid, polyphenols and carotenoids and indirect acting antioxidants include chelating agents and bind to redox metals to prevent free radical generation.
Antioxidants can be classified according to the mechanism of action to reduce lipid oxidation into two groups: -First is the primary antioxidant that acts as hydrogen donors to the lipid free radical formed during the lipid oxidation ( Figure 2 ) and rearrange to a stable conformation. Antioxidant radicals are stable due to delocalization of the unpaired electron around a phenol ring and cannot easily react with fatty acids. They are able to terminate radical chain process by reacting with radicals, e.g. [29] . These free radical interceptors react with peroxy radicals (ROO • ) to stop chain propagation; thus, they inhibit the formation of peroxides.
The most effective antioxidants interrupt the free radical chain reaction and usually contain aromatic rings capable of donating H
• to the free radical formed during lipid oxidation. The formed antioxidant radical is stabilized by delocalization of the unpaired electron around the phenol ring to form a stable resonance hybrid ( Figure  3 ). -Second is the secondary antioxidant, in opposite to the primary antioxidants, do not break free radical chain or do not convert free radicals into stable molecules. Secondary antioxidant act through various mechanisms to slow the rate of oxidation reactions, as: reducers and chelators of metal ions, provide H to primary antioxidants, decompose hydroperoxide to nonradical species, deactivate singlet oxygen, absorb ultraviolet radiation, or act as oxygen scavengers [29] . Phenolic compounds are bioactive substances widely distributed in plants act as radical scavengers [30] or metal chelators [31] and stabilize of lipid oxidation [32] - [35] . Therefore, these compounds have been considered as promising candidates as potential protectors against lipid oxidation. The presence of an antioxidant is one of the fastest ways to reduce fat oxidation [36] .
Several types of natural plant derived antioxidants have been studied, including extracts of grape seed, sage, thyme, rice bran, white peony, red peony, sappanwood, moutan peony, rehmania or angelica, sedge, marjoram, wild marjoram, caraway, basil extract, ginger, plum concentrates, aloe vera, mustard, tea catechins, and rosemary extract [37] - [41] . Much of the research devoted to natural plant derived antioxidants focuses on rosemary extract [42] - [50] . Plant extracts containing high levels of phenolic compound with strong H
•− donating activity effectively scavenge H 2 O 2 and reactive oxygen species [51] .
Rosemary (the Bioactive Component as Natural Antioxidant)
Rosemary (Rosemarinus offcinalis L.) has always been known a versatile, aromatic herb and addition to being used as a food flavoring is also known medicinally for its powerful antioxidant activity, antibacterial and antimutagenic properties [52] .
Rosemary (Rosmarinus officinalis L.) leaves, widely used food ingredient for flavoring and has been known as a traditional medicinal plant for its health beneficial properties such as antimicrobial, antialgesic, and antirheumatic effects. Its antioxidant [53] [54], anti-inflammatory [55] , and anti-cancer [56] activities are reported by previous research groups.
Rosemary extract contained the highest concentration of phenolic substances obtained from the leaves of the evergreen shrub rosemary [57] . The phenolic compounds responsible for rosemary antioxidant activity are mainly phenolic diterpenes such as carnosol, carnosic acid, rosmanol, epirosmanol and isorosmanol as shown in Figure 4 [58] [60] . Rosmanol is a potent antioxidant having inhibition effect of superoxide anion production, as well as lipid peroxidation and free radical scavenging activities [61] - [63] .
The polyphenol, rosmarinic acid has 2 aromatic rings, each with 2 -OH groups that are capable of donating H . and chelating metals. Hra [64] reported that rosemary extract exhibited antioxidant activity superior to α-tocopherol. Rosemary oleoresin has been reported to contain several components such as rosmanol, rosmariquinone, rosmaridiphenol, and carnosol that may be up to four times as effective as BHA and equal to BHT as an antioxidant [65] - [67] . Extensive studies [68] [69] on rosemary extracts containing carnosol, carnosic acid, and rosmarinic acid have shown that the activities of these natural antioxidants are system-dependent and that their effectiveness in different food systems is difficult to predict.
The Addition of Rosemary Extract to Dairy Products Inhibit the Lipid Oxidation
Milk powder and similar concentrated milk products, such as condensed milk, ice cream preparations, coffee creamers and whole milk-based confectionary fillings, are highly sensitive to oxidation and have very limited shelf life due to high-fat content and nutritional composition. The addition of this natural antioxidant (rosemary extract) could prove useful in preventing lipid oxidation and the development of off flavors and aromas. These hydrophilic antioxidants are oriented in the oil-air interface and protect the bulk oil phase from oxidation. Phenolic compounds obtained from rosemary are shown to act as antioxidant that reduces the extent of oxidation of dietary lipids [70] . Rosemary exhibited the highest ability to inhibit lipid peroxidation [71] . The antioxidant action of rosemary is shown to be dependent on the ability of their constituent phenolic compounds to scavenge (trap) free radicals and to chelate metals [72] [73] .
There are limited researches done on the addition of rosemary extract to dairy products. Formulating dairy products with rosemary requires knowledge of their interaction and way they're affected by the processing treatment used. Knowing when, and how, to incorporate rosemary extract into a mix also is vital to preserving its functional characteristics.
Gad and Abd El-Salam [74] monitored the effect of addition different concentration of rosemary extract to skim milk on through processing of production soft cheese. Results show that rennet coagulation time (RCT) of skim milk/rosemary extract increased. The RCT of skim milk/rosemary extracts also increased with increasing the ratio of the added extracts to skim milk. The antioxidant activity of the skim milk/rosemary extracts blends was improved by heat treatment and the addition of calcium chloride and pasteurization significantly increased markedly the phenol content and the antioxidant activity of skim milk. Whereas addition of sodium chloride and homogenization to the skim milk/rosemary extracts does not affect on antioxidant activity. Skim milk with high rosemary concentration has high antioxidant activity.
In manufacture UF-soft cheese [75] supplemented UF milk retentate (1.5% fat) with 1% -5% rosemary extract (RE) and cold storage for 30 days. The total phenolic content (TPC) and antioxidant capacity using DPPH and FRAP methods was evaluated in produced cheese. Results show total phenolic content (TPC) and antioxidant capacity in cheese made from milk retentate/rosemary extracts increase and consequently, its antioxidant activity whereas these values are less after 30 days storage.
Production functional yoghurt supplemented with rosemary extract as natural antioxidant s is studied. Apparent viscosity was measured as physical quality parameter and antioxidant values are evaluated estimated by 2,2-diphenyl-1-picrylhydrazyl (DPPH) scavenging, ferric reducing antioxidant power (FRAP) reducing activities and phenolic compound content when fresh and during storage at 5˚C ± 2˚C for 12 days. The modeling results show that soluble phenolic content in yogurt is increased with increasing the concentration of rosemary extract mixed with skim milk and is strongly correlated with antioxidant activity and decreased over the same time period. Apparent viscosity does not affect as concentration supplemented [76] .
Product such as dry cheese powder contain lipid (polyunsaturated fat and their esters) are very susceptible to oxidation to oxidation over time. Such oxidation could be inhibited by use of rosemary oleoresin and thus possibly extending the shelf life of such products. The percentage of rosemary oleoresin as a natural antioxidant added directly would be crucial in effectively retarding lipid oxidation of the cheese powder [77] [78] .
Commercial ricotta cheese and 15% of milk cream (25.0% fat) were the basis of the formulation, in which were added the concentrated extracts of rosemary. The formulations containing extracts was evaluated for sensory properties through an acceptance test and ideal scale, using 50 tasters a 9-point hedonic scale was used. Physical and chemical characterization was assessed. Results show that ricotta cheese containing rosemary extract had 76.0% of acceptance, with 96 mg/100g phenolic compounds in the final product, corresponding to 9.6% of the Recommended Daily Intake.
Kilcawley [79] reported that the extent of lipolysis in Cheddar cheeses has a major impact on its sensory characteristics and cheeses aged longer were associated with rancidity. Since excessive lipolysis in Cheddar cheese is widely associated with downgrading due to oxidative rancidity, this study shows a potential use of rosemary oleoresin showed a potential effect as an antioxidant to inhibit oxidation in aged cheese [80] . Consequently, the use of rosemary extract as a natural antioxidant could increase the shelf life of Cheddar cheese or cheese powder by inhibiting oxidation.
The use of rosemary extract as a natural antioxidant could increase the shelf life of dairy products by inhibiting oxidation. A more thorough understanding of the mechanisms of lipid auto-oxidation in milk may lead to a better understanding of how added natural antioxidants, such as rosemary oleoresin, can help inhibit such oxidation and sensory changes in milk and dairy products. Rosemary antioxidants are in most applications more effective than vitamin E (synthetic), BHA, BHT, TBHQ and others. A new application for rosemary-derived antioxidant, extend the shelf life of milk powder and other dairy products. Development of functional dairy products will continue to grow through the 21 st century as consumer demand for healthful products.
Health Benefits of Rosemary
Rosemary has antioxidant and anti inflammatory activity in biological systems. Functional dairy products supplemented with rosemary could play a role in reducing the risk of some common diseases since its contents of antioxidant components can prevent chemical damage to the cells' components by oxidation and can interfere with the oxidation process by reacting with the free radicals, chelating free catalytic metals and also by acting as free radical scavengers [81] .
Rosemary as Antioxidant Agent May Reduce the Risk of Illnesses
In biological system, many oxidation reactions are absolutely essential for our survival. Sometimes, inside the normal cells, oxidation reactions release uncontrolled reactions and produce unstable oxygen molecules "free radicals". These produced compounds will react with many different important molecules in vital organs like lipid, protein and DNA forming new compound that damage DNA. Increased oxidative stress (OS), resulting from an imbalance between oxidant attack due to free radical production and antioxidant defense. Antioxidants are the first line of defense against free radical damage ( Figure 5 ) and are critical for maintaining optimum health and wellbeing. It is important human daily intake enough antioxidant supplementation in combination state, that increased level of antioxidant in serum. Food is used as a delivery for antioxidant to human body to improve human health. Introduce antioxidants into dairy products to demonstrate their benefits to human health.
Research has shown that natural antioxidants could play a vital role in fighting diseases caused by oxidative damage and even decrease the formation and mutagenicity of heterocyclic amines (HCAs) in cooked meat [50] [82].
Rosemary as Anti-Inflammatory May Reduce the Incidence of Various Diseases
Inflammation is a normal protective response induced by tissue injury or infection and functions to combat invaders in the body (microorganisms and non-self cells) and to remove dead or damaged host cells [83] . The term inflammation is derived from the Latin word-Inflammare, means burn. According to the modern concept, Figure 5 . Natural antioxidants neutralizing free radicals.
inflammation is a healthy process resulting from some disturbance or disease. Inflammation can be classified two categories: acute inflammation and chronic inflammation. Acute inflammation is the initial response of the immune system against pathogens, injured tissue, and small particles and a rapid self-limiting process. This acute inflammation is a short-term response of our body, usually appearing within a few minute or hours after exposure to the injurious stimulus and stopped when this stimulus is eliminated (Figure 6) .
The acute inflammation is initiated by resident immune cells which are already present in all tissues. The immune cells such as macrophages, dendritic cells, and mast cells are activated by an infection, burning, or other injuries and release inflammatory mediators which can cause the clinical signs of inflammation. The acute inflammation causes an increase in the vascular permeability, releasing compounds related to the inflammatory response. During the acute inflammation, if phagocytes fails to eliminate pathogen, or immune system cannot repair injured tissue, the inflammation can be developed to chronic inflammation.
In chronic inflammation, various cytokines and growth factors are released, resulting recruitment of higher order immune cells such as leukocytes, lymphocytes and fibroblasts. The inflammation can lead to persistent tissue damages by these cells. In addition, many research groups report evidence that chronic inflammation lies at the basis of many diseases of advanced age such as heart attacks, Alzheimer's diseases, and cancer [84] [85] .
To preserve healthy body, two sets of mechanisms must be matched: the ability to increase a rapid inflammatory response to injurious pathogens and the ability to keep this response from prolonged. Anti-inflammatory substances can be an effective tool in the therapeutic treatment of the diseases. There are many chemical reagents have anti-inflammatory activities may reduce the incidence of various disease derived from inflammation by blocking (inhibited or suppressed) activities (inflammatory process). Most of the anti-inflammatory drugs Many studies have revealed that antioxidant activity of rosemary extract is mainly due to the presence of, rosmarinic acid (RA) and carnosic acid (CA), which are both responsible for the anti inflammatory and antioxidant properties [86] [87] . Carnosol converted into rosmanol via oxidation in food processing (Figure 7) .
Carnosol has known as an anti-inflammatory compound in rosemary extract. Rosmanol is transformed from carnosol. Carnosic acid and carnosol are powerful compounds in rosemary extracts. These compounds have anti-inflammatory and anti-cancer activities. Anti-inflammatory agent and that it prevent carcinogens from binding to DNA, and stimulates liver detoxification of carcinogens. Study has demonstrated that rosmarinic acid of a rosemary extract inhibited the allergic airway inflammation induced by house dust mites in vivo and another study of perilla has shown that the volatile constituents also prevented allergic airway inflammation induced by house dust mites. The preventive effect is associated with inhibition of the enhanced local expression of interleukin-13 [88] .
Conclusion
Lipid oxidation is a major degradative reaction limiting shelf life and destroying quality of foods. The average consumer recognizes lipid oxidation as "rancidity". This review shows that dairy products which have containing fat with unsaturated fatty acids are usually affected (as lipid oxidized) by air, light, contamination by metals, pH, salt content and storage temperature and finally give off flavors with limited shelf life of the products. To delay lipid oxidation and extend the shelf life of dairy products, antioxidant must be added. Synthetic antioxidants are commonly used in the food industry to delay or inhibit the lipid oxidation whereas it is not allowed to be used in dairy products. Natural antioxidants are safe and can help to inhibit such oxidation. Polyphenolic compounds consider significant contributing factor to the limited shelf life as well as possibly health-protecting compounds. Rosemary extract may be up to four times as effective as BHA and equal to BHT as a phenolic antioxidant. This natural antioxidant has a limited research done on the shelf life and subsequent sensory analysis of dairy products. Besides natural antioxidants used to reduce the rate of lipid oxidation and increased the shelf life of the products, these products are improving their antioxidant potential giving functional dairy products and give maximal health benefit. Rosemary is a powerful antioxidant and anti-inflammatory agent, and it is believed to have benefits on various diseases and conditions. It is obviously that there has a limited research done on the addition of rosemary extract to dairy products and needs more investigations.
